Pancreatic invasion of the extrahepatic bile duct (EBD) carcinomas is known to have a poor outcome. We hypothesized that EBD carcinoma showing shallow invasion to the pancreas may have a better outcome than the usual deep pancreatic invasion. We divided 87 cases of the distal EBD carcinomas into superficial and deep pancreatic invasion groups according to degrees of the pancreatic invasion. The superficial pancreatic invasion group included cases with tumor abutting the pancreatic lobule or pancreatic parenchymal invasion equal to or less than 1 mm from the uppermost portion of the pancreatic lobule or tumors invading into the fibroadipose tissue between pancreatic lobules without parenchymal invasion. The deep invasion group consisted of tumors with more than 1 mm pancreatic parenchymal invasion. The cases with superficial pancreatic invasion showed significantly better survival rate than those with deep pancreatic invasion (Po0.001). Therefore, we recommend that a specific remark on the pathology report about the presence or absence of parenchymal invasion and the depth of invasion of the pancreas is required for managing patients and determining the prognosis. We also recommend that the current pT3 stage of distal EBD carcinomas be subdivided into superficial (pT3a) and deep pancreatic invasion (pT3b). Modern Pathology (2005) 18, 969-975.
Extrahepatic bile duct (EBD) carcinoma is an uncommon neoplasm with a dismal prognosis. 1, 2 The EBD carcinomas originating from the lower to middle portions of the bile duct (distal EBD carcinoma) are composed of 20-30% of the entire EBD carcinomas. [3] [4] [5] [6] [7] [8] [9] The pancreatic invasion of the EBD carcinomas has been known to be a bad prognostic sign. 10, 11 However, we experienced that several patients with the EBD carcinoma with superficial pancreatic invasion had a more favorable survival outcome than we expected.
The pancreas has several histologic characteristics. One is that the pancreas does not have a discrete capsule and the other is that the pancreatic parenchyma is divided into lobules with intervening fibroadipose tissue. [12] [13] [14] As a result of these histologic characteristics, there is no well-defined boundary between the bile duct wall and the pancreas, and this anatomic feature makes pathologists have a difficulty in determining the depth of invasion when tumor cells invaded into fibroadipose tissue between pancreatic lobules without definite pancreatic parenchymal invasion in cases of the distal EBD carcinomas. Based on our anecdotal experience, we hypothesized that the EBD carcinomas with a shallow superficial invasion to the pancreas or an invasion only to the fibroadipose tissue between pancreatic lobules without definite pancreatic parenchymal invasion may have a better outcome than the usual deep pancreatic parenchymal invasion. To test this hypothesis, we studied 87 cases of the distal EBD carcinomas after we divided them into superficial and deep pancreatic invasion groups.
Materials and methods
We reviewed 222 cases of surgically resected EBD carcinoma specimens from the file of the Department of Pathology at Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea from 1991 to 2000. Only carcinomas with the epicenter in the EBD were included in this study. Either carcinomas with the epicenter in the ampulla of Vater or pancreas, or carcinomas with obvious precancerous epithelial changes in the ampulla of Vater or pancreas were excluded. Of these 87 cases were the distal EBD carcinomas containing both tumor and pancreatic sections. We classified the distal EBD carcinomas according to the degree of the pancreatic invasion. Tumors invading into the fibroadipose tissue between pancreatic lobules without pancreatic parenchymal invasion were classified as class 1 (Figure 1 ). Class 2 was the cases showing tumor cells abutting the pancreatic parenchyma or pancreatic parenchymal invasion equal to or less than 1 mm from the uppermost portion of the pancreatic lobule (Figure 2 ). Tumors invading more than 1 mm of pancreatic parenchyma were classified as class 3 ( Figure 3 ). And then we defined classes 1 and 2 as the superficial pancreatic invasion group (group 1) and class 3 as the deep pancreatic invasion group (group 2). We made three wide-interval deeper sections in all cases in group 1 (classes 1 and 2) to avoid underestimation of the depth of invasion. To evaluate whether the effect of the depth of the pancreatic invasion is confounded with that of the lymph node metastasis, we performed correlation analysis between the depth of the pancreatic invasion and the lymph node metastasis. In addition, we investigated the effect of the depth of invasion for each of presence and absence of lymph node metastasis.
We classified histologic types according to the 6th American Joint Committee on Cancer (AJCC) cancer staging manual. 8 We evaluated patients' survival according to other clinicopathologic factors including sex, age, size of the tumor, growth pattern, histologic type, metastasis to lymph nodes, marginal status, duodenal, perineural, and vascular invasion.
Statistical analyses were performed using SPSS 11.0 software (SPSS Inc., Chicago, IL, USA). Survival rate was calculated by the Kaplan-Meier method. Using the log rank test, we analyzed the survival rate of patients in classes 1, 2, and 3. We also compared the survival rate between groups 1 and 2 to determine any significant difference in survival. Using the log rank test and Cox proportional hazards model, we investigated other prognostic factors, such as sex, age, size of the tumor, growth pattern, lymph node metastasis, resection marginal status, duodenal, perineural, and vascular invasion. Po0.05 was considered as statistically significant.
Results

Clinicopathologic Characteristics of Cases
Ages of the patients ranged from 30 to 78 years (mean: 60 years). In all, 63 cases were men and 24 were women. The tumors showed infiltrative growth pattern in 74 cases, papillary in nine, and nodular in four cases. The tumor size in 22 cases was less than 2 cm, between 2 and 4 cm were 56 cases, and more than 4 cm were nine cases. Mean size of the tumor was 2.57 cm. Nine cases showed duodenal invasion and none had the hepatic invasion. In all, 53 and 27 cases showed perineural and vascular invasion, respectively. In 11 cases tumor cells involved the resection margins. A total of 33 cases metastasized to lymph nodes. Histologic subtypes showed 72 cases of adenocarcinoma, NOS, six cases of papillary carcinomas, three cases of intestinal-type adenocarcinomas, two cases of adenosquamous carcinomas, and two cases of mucinous carcinomas. There was one case each of clear cell carcinoma and signet ring cell carcinoma. In all, 38 cases were performed standard pancreaticoduodenectomy (Whipple's operation) and 49 pylorus preserving pancreaticoduodenectomy.
Initially, there were five cases in class 1, 21 cases in class 2, and 61 cases in class 3. After deeper sectioning, two cases of class 1 were reclassified as class 2 and the final number was three cases in class 1, 23 cases in class 2, and 61 cases in class 3. A total of 26 cases were group 1 (superficial pancreatic invasion), and 61 cases group 2 (deep pancreatic invasion). 
Superficial pancreatic parenchymal invasion S-M Hong et al
Patients' Survival Rate among Each Class
The survival rate of 1, 3, and 5 year and the median survival of each class are summarized in Figure 4 . Although, the survival rate of 1, 3, and 5 year of the class 1 was 100, 66.7, and 66.7%, there were only three cases for class 1. It can be misleading to interpret the results with such a small number of cases. One-year survival rate of classes 2 and 3 was 87.0 and 63.4%, three-year survival rate 60.3 and 21.8%, and five-year survival rate 47.2 and 3.8%, respectively. The median survival time of class 1 could not be obtained because two of three cases were censored. The median survival time of classes 2 and 3 were 65 and 19 months, respectively. Patients of class 2 showed significantly better survival than those of class 3 (Po0.001).
Patients' Survival Rate between Groups 1 and 2
Classes 1 and 2 put together as group 1 and this group compared with group 2 (class 3). One-year survival rate of groups 1 and 2 was 88.5 and 63.4%, 3-year survival rate 60.2 and 21.8% and 5-year survival rate 48.6 and 3.8%, respectively. The median survival time of groups 1 and 2 was 65 and 19 months, respectively, and there was a significant survival difference between two groups (Po0.001) ( Figure 5 , Table 1 ). The w 2 test showed that the dependency between the depth of invasion and the status of lymph node metastasis was not so strong (P ¼ 0.07). For the patients without lymph node metastasis, the median survival times of groups 1 and 2 were 69 and 29 months, respectively ( Figure 6) . The difference between two groups was statistically significant (Po0.001). On the other hand, when lymph node metastasis was present, the median survival times of groups 1 and 2 were 28 and 18 months, respectively, and this difference was not statistically significant, although there was a trend for the better survival in group 1 (Figure 7 ). The number (n ¼ 6) of cases in group 1 was too small to make a conclusion.
Univariate Analyses of Other Clinicopathologic Variables
Median survival times according to histologic type was as follows: 29 months in adenocarcinoma, NOS, 29.5 months in papillary carcinomas, 30 months in intestinal-type adenocarcinomas, 16.5 months in adenosquamous carcinomas, 43 months in mucinous carcinomas, 11 months clear cell carcinoma, and 3 months in signet ring cell carcinoma.
The univariate analyses using the log rank test showed that the lymph node metastasis (Po0.005), the duodenal invasion (Po0.05), and the vascular invasion (Po0.05) were significantly associated with the overall survival (Table 1) . There was no survival difference according to sex, age, size of tumor, growth type, resection marginal status, and perineural invasion.
Multivariate Analysis for Prognosis
The prognostic significance according to the degree of the pancreatic invasion along with other prognostically significant clinicopathologic variables was further analyzed by the Cox proportional hazards model. The multivariate analysis revealed that the degree of the pancreatic invasion was the most significant prognostic factor among other variables ( Table 2 ). 
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Discussion
The EBD carcinomas are uncommon neoplasms, and the EBD carcinomas involving the lower to middle portion of the EBD (distal EBD carcinoma) account for 20-30% of the entire EBD carcinomas. [3] [4] [5] [6] [7] [8] [9] The only effective treatment for the distal EBD carcinomas is a complete surgical resection. 3, 6, 7 After complete resection of the distal EBD carcinomas, 5-year survival rate was reported to be 15-45%, while the median survival time of the patients having the palliative bypass surgery or biliary stent was reported to be less than 1 year. 3, 6, 7, [15] [16] [17] [18] The patients with the EBD carcinomas are known to have a poor survival when pancreatic invasion is present. 10, 11 In the present study, we classified the distal EBD carcinomas according to the degree of the pancreatic invasion and compared the survival rate of each class. Cases with equal to or less than 1 mm of the pancreatic invasion (class 2) showed better survival rate than cases with more than 1 mm of the pancreatic invasion (class 3) and this difference was statistically significant. Cases with tumors invading into the fibroadipose tissue between pancreatic lobules without definite pancreatic parenchymal invasion (class 1) looked alike better survival than class 2 cases. However, there was no statistically significant difference between classes 1 and 3, because there were only three cases in classes 1 and 2 of them were censored. Therefore, for more concrete conclusion, further studies with more cases in class 1 are needed.
Microinvasion or superficial invasion in other malignant neoplasms, such as malignant melanoma and vulvar carcinoma, 8 is defined as tumor invasion equal to or less than 1 mm from the surface. We applied the same definition to the EBD carcinomas and defined the superficial invasion as an invasion equal to or less than 1 mm from the uppermost portion of the pancreatic lobule (class 2). In this group, we also included tumors invading fibroadipose tissue between pancreatic lobules with no pancreatic parenchymal invasion (class 1). And then we classified the distal EBD carcinomas into the superficial (group 1) and deep pancreatic invasions (group 2).
Metastasis to lymph nodes has known to be the most important prognostic factor of the EBD carcinoma. 6, 16, [19] [20] [21] The dependency between the depth of invasion and the status of lymph node metastasis was not statistically significant (P ¼ 0.07). When lymph node metastasis was absent, group 2 demonstrated significantly worse survival than group 1 (Po0.001), while when lymph node metastasis was present, the difference was not statistically significant (P ¼ 0.17). However, the case number (six cases) of group 1 with lymph node metastasis was too small to make a conclusion. For more concrete conclusion based on lymph node status and depth of pancreatic invasion, further studies with larger number of cases and multivariate analysis are needed.
In the present study, tumor size was not associated with patients' survival. This result was the same as those of the previously reported. 10, 22 Tumor size is one of the important prognostic factors in tumors arising from solid parenchymal organs, while depth of invasion is one of the important prognostic factors in tumors of hollow viscus, such as intestine and urinary bladder. 8 Our results demonstrated that the depth of invasion appear to be more important prognostic factor than tumor size when distal EBD carcinomas involved the pancreas.
In this study, we demonstrated that group 1 showed more favorable prognosis than group 2. To the best of our knowledge, the prognostic significance of the EBD carcinomas according to the degree of pancreatic parenchymal invasion has not been analyzed. Our study demonstrated that cases with the superficial pancreatic parenchymal invasion appeared to have significantly better survival than those with the deep pancreatic invasion. Our results of the univariate and multivariate analyses revealed that the degree of the pancreatic invasion was the most important prognostic predictor in patients with distal EBD carcinomas. Therefore, when distal EBD carcinomas are present, we would like to propose that the current pT3 stage of the EBD carcinoma is subdivided into superficial (pT3a) and deep pancreatic invasion (pT3b).
The pancreas is a parenchymal organ with complex lobular structures and does not have a capsule. [12] [13] [14] These anatomical characteristics create an ambiguous interphase between the bile duct wall and the pancreas. In addition, although the pancreas does not have an evenly flat layer of the parenchymal lobules, the AJCC staging system for the EBD carcinoma applied the similar criteria to the staging system of the other gastrointestinal organs. 8 Specific explanations of the histologic characteristics of the pancreas would be needed in the future edition of the staging manual of the AJCC. We attempted to prove that the distal EBD carcinomas invading the fibroadipose tissue between pancreatic lobules without true parenchymal invasion affect the prognosis favorably than deep pancreatic invasion. However, we did not make a firm conclusion due to small number of cases of the tumor cells invading the fibroadipose tissue between pancreatic lobules without true parenchymal invasion in the present study. Therefore, additional studies for the prognosis of the distal EBD carcinoma cases with invasion into the fibroadipose tissue between pancreatic lobules without definite pancreatic parenchymal invasion are required.
In this study, the initial case number of class 1 was 5. Two of the five class 1 cases were changed into class 2 after deeper sections were examined. Two cases revealed focal pancreatic parenchymal invasion less than 1 mm. The deeper sectioning on two of class 2 cases which originally revealed tumor cells abutting to the pancreas (class 2) revealed focal pancreatic parenchymal invasion equal to less than 1 mm (also class 2). These results indicate that the deeper sectioning is required for determining the true depth of invasion. When pathologists feel it difficult to evaluate the depth of invasion on the initial sections particularly in cases with classes 1 and 2, deeper sections may be needed for the proper evaluation of the depth of pancreatic invasion.
In summary, this study indicated that when the EBD carcinomas invade less than or equal to 1 mm of the pancreas or invade only the fibroadipose tissue between pancreatic lobules without pancreatic parenchymal invasion, the prognosis is much better than that of tumors with deep pancreatic invasion with greater than 1 mm of invasion. Therefore, a specific remark on the presence or absence of pancreatic parenchymal invasion as well as the depth of invasion (less than or equal to 1 mm vs more than 1 mm) of the pancreas is required in the pathology report for the determining of the outcome in cases with distal EBD carcinomas. We also recommended that the current pT3 stage of the EBD carcinomas be divided into superficial (pT3a) and deep pancreatic invasion (pT3b), when distal EBD carcinoma is present.
